Introduction {#S0001}
============

Brucellosis is a worldwide zoonosis that can be encountered during pregnancy, and also classified as one of the "neglected zoonotic diseases" by the World Health Organization and a travel-associated disease,[@CIT0001],[@CIT0002] particularly in developing countries. Human brucellosis is mainly caused via three routes, direct contact with secretions and carcasses from Brucella-infected animals, indirect consumption of contaminated products, or inhalation of aerosols.[@CIT0003],[@CIT0004] Human-to-human transmission can be via blood transfusion, bone marrow transplantation, and sexual contact.[@CIT0005] Neonate can be infected through breast milk and vertical transmission.[@CIT0006] There are four species of *Brucella* that can infect humans, the most pernicious one is *Brucella. melitensi*s, which is followed by the *Brucella abortu*s, *Brucella suis* and *Brucella canis*.[@CIT0007]

Brucellosis in pregnancy was first reported in 1908.[@CIT0008] The occurrence of brucellosis during pregnancy has been indicated in many countries. In Saudi Arabia, the percentage of brucellosis occurred in pregnant women was reported to be 17%.[@CIT0009] It has been reported that the incidence of brucellosis among 450 pregnant women in Saudi Arabia was 12.2%.[@CIT0010] In Rwanda, the brucellosis prevalence among pregnant women was 25.0%, and among the 15 pregnant women diagnosed with brucellosis, 73.3% had an abortion and 26.7% presented with stillbirth.[@CIT0011] And in Peru, the proportion of fetal death was 8.1% among 86 women with follow-up, the percentage of congenital brucellosis and neonatal deaths reached 6.4% and 11.3%, respectively.[@CIT0012]

Brucellosis has a wide spectrum of clinical manifestations, once infected with brucellosis, most patients complained about a series of flu-like symptoms such as fever, sweats, fatigue, headache, myalgia and arthralgia.[@CIT0013] However, there are still various atypical symptoms that can cause misdiagnosis easily, especially for the pregnant women. Adverse obstetric complications were usually recorded as abortion (spontaneous or therapeutic), premature delivery, intrauterine infection or intrauterine fetal death (IUFD) for pregnant women diagnosed with brucellosis. In some studies, it has been demonstrated that pregnant women with brucellosis had a higher morbidity of spontaneous abortion than the general population of pregnant women.[@CIT0009],[@CIT0010] However, it remains disputed about the relationship between brucellosis and the other adverse outcomes of pregnancy.[@CIT0014] Also, it is unknown whether brucellosis causes a higher incidence of abortion than the infection of other bacteria.[@CIT0015]

Considering that there were only a few studies concentrating on the clinical manifestations of pregnant women with brucellosis, we reviewed the relevant studies in order to assess the frequency and severity of the clinical manifestations and investigate the main risk factors for pregnant women with brucellosis. The clinical and epidemiological results in the systemic review would allow people to know more details about human brucellosis during pregnancy.

Materials and Methods {#S0002}
=====================

Literature Search Strategy {#S0002-S2001}
--------------------------

A thorough literature search was conducted through PubMed, Web of Science, and China National Knowledge Infrastructure (CNKI) to identify the studies published until 31 December 2019 and reporting clinical manifestations of brucellosis in pregnancy, using search terms of (brucellosis OR malta fever OR brucellosis malitensis OR brucellosis abortus) AND pregnancy without language restriction. Reference lists of the included studies were screened manually to trace the relevant articles, the internet search engines of both Google and Yahoo were also adopted to search for the relevant publications. The search results were independently screened and extracted by two investigators (ZL and DW), and all the discrepancies were resolved by the principal investigator (PG). Results were imported into EndNote X7 and duplicates were removed after reading the author, title, abstract, year of publication and source of the article.

Inclusion and Exclusion Criteria {#S0002-S2002}
--------------------------------

As long as the publication contained individual patient information that can be extracted and the number of cases was no more than 10, it was defined as a case report, and if there was only aggregated information that could be obtained in the article or the number of individual cases was more than 10, it was defined as the case series. Case reports and case series studies were eligible for the inclusion if they met the following criteria, (a) reporting one or more pregnant women diagnosed with brucellosis; (b) reporting at least two symptoms or clinical manifestations; (c) all the included cases were diagnosed as brucellosis by at least one of the following laboratory tests: blood/bone marrow culture, serum agglutination test (SAT), rose bengal plate agglutination test (RBT), enzyme-linked immunosorbent assay (ELISA), 2-mercaptoethanol (2ME), polymerase chain reaction (PCR), complement fixation test (CFT), anti-human immunoglobulin test (Coomb's test), and blocking antibody titer (BAB). Articles were excluded if they met one of the following conditions: (a) articles related to nonhuman brucellosis after reading the title and abstract; (b) articles referred to brucellosis while without relevance to pregnancy; (c) no description of clinical manifestations or symptoms of pregnant women with brucellosis in its abstract and main-text; (d) duplicated data, and the article with smaller sample size was removed.

Data Extraction {#S0002-S2003}
---------------

We extracted the information as follows: author, country of origin of patients, published year, age of the patient at the time of presentation, trimester of pregnancy, clinical manifestations, the duration of delayed diagnosis and the obstetric outcomes. The first trimester of pregnancy was defined as a gestational period of ≤12 weeks; the second trimester of pregnancy, 12--24 weeks; and the third trimester of pregnancy, ≥25 weeks. Fetal death that occurred at less than 24 weeks of gestation was considered to be spontaneous abortion. Fetal death that occurred at 24 weeks of gestation or more was designated "intrauterine fetal death" (IUFD). Preterm delivery was defined as the birth of a baby before 37 weeks but after 24 weeks of gestation.[@CIT0016] The duration of delayed diagnosis referred to the duration from the onset of any symptoms to the final definite diagnosis of the disease, we can speculate it according to the medical history. Clinical manifestation was defined as patient-level finding gathered during medical interview, physical examination, or through diagnostic studies. The data were extracted into a Microsoft Excel sheet and organized into system-wide manifestations of brucellosis in pregnancy. Descriptive statistics were used to calculate the simple frequency, percentage and proportion of the total subjects.

Data Synthesis {#S0002-S2004}
--------------

We defined an event rate as the ratio of the number of reported cases with a specific clinical manifestation to the total number of the reported cases in each study. The qualitative data were described as number and proportion (%). Quantitative variables were described as mean and standard deviation.

Results {#S0003}
=======

Characteristics and Main Results of the Included Studies {#S0003-S2001}
--------------------------------------------------------

A total of 1143 publications were found based on the search strategy, and then 873 articles were screened after removing 270 duplicates by reading the titles, authors, published year and sources. After reading the titles and abstracts, we removed 613 articles and sent 260 articles to assess the eligibility, and 233 articles were excluded after reading the paper. Finally, 27 publications met the inclusion criteria; among them, seven publications reported case series with the information of 488 pregnant women with brucellosis and 20 publications were case reports with individual information of 33 pregnant women with brucellosis. More than half of the articles were from Turkey and China, and 17 articles (63.0%) were published after 2010. [Figure 1](#F0001){ref-type="fig"} illustrates the detailed process of selection of the included articles according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).[@CIT0017]Figure 1Flow diagram of selection of studies included in the review.

[Table 1](#T0001){ref-type="table"} shows the main results extracted from the case series and case reports. A total of 521 cases of pregnant women with laboratory-confirmed brucellosis were reported in the included 27 publications. The median of sample size of these seven case series studies was 33, ranging from 19 to 242. The mean/median maternal ages were basically the same (about 28 years old, respectively), ranging from 16 to 50 years. Pregnant women presented symptoms across all the trimesters, the proportion of pregnant women with brucellosis presented symptoms at the first trimester ranged from 12.9% to 57.9%, while it ranged from 22.2% to 51.6% at the second trimester. The most commonly used laboratory tests for brucellosis were serum agglutination test (SAT) and blood/bone marrow culture, which were used in 85.7% and 71.4% studies among the case series, respectively, and 66.7% and 45.5% cases were diagnosed with brucellosis using SAT and blood/bone marrow culture respectively among the case reports. The incidence of brucellosis occurred in pregnant women ranged from 1.5% to 5.8%. As for the adverse obstetric outcomes, the rate of abortion ranged from 2.5% to 53.0%, the rate of preterm delivery ranged from 3.4% to 31.3% and the IUFD rate ranged from 2.1% to 9.8%.Table 1Overview of the Included Seven Case Series Studies and 20 Case Reports of Brucellosis in Pregnant WomenFirst Author, Publication YearFrom Seven Case Series Studies (%)Case Reports[@CIT0025],[@CIT0030]-[@CIT0048]Madkour MM (2001)[@CIT0049]Kurdoglu M (2010)[@CIT0023]Gulsun S (2011)[@CIT0016]Roushan MR (2011)[@CIT0020]Vilchez G (2015)[@CIT0012]Ali S (2016)[@CIT0050]Inan A (2019)[@CIT0051]Country, time of studySaudi Arabia\
(before 2001)Turkey\
2003--2008Turkey\
2003--2010Iran\
2000--2010Peru\
1970--2012Pakistan\
2013Turkey\
2002--2015^†^Number of patients involved293339191012524233Mean/median age (range of age, years)29.2±6.2\
(16--41)26.8±5.1\
(16--42)28.07\
(20--40)25±4.6\
(18--36)26.1\
(15--45)27\
(18--41+)28.8±6.3\
(17--50)28.2±5.8\
(16--39)Trimester (%)First (41.4)\
Second (24.1)\
Third (34.5)First (39.4)\
Second (33.3)\
Third (27.3)Not mentionedFirst (57.9)First (45.5)\
Second (22.2)\
Third (32.3)Not mentionedFirst (24.8)\
Second (39.3)\
Third (32.2)First (12.9)\
Second (51.6)\
Third (35.2)Diagnostic methodsSAT, blood cultureSAT,\
Coomb's testSAT, Coomb's, blood cultureSAT, 2ME, blood cultureSAT, BAB, blood/bone marrow cultureRBPTSAT, RBPT, blood culture, Coomb's^†^Incidence of brucellosis in pregnancy (%)5.8Not mentionedNot mentioned1.5Not mentioned5.82.1Not applicableAdverse outcomes (%)Abortion (41.0), Preterm delivery (3.4)\
IUFD (3.4)Abortion (24.1)\
Preterm delivery (6.9)\
IUFD (3.5)Abortion (2.5%)\
Preterm deliveries (17.9%);Abortion (53.0)Preterm delivery (13.9)\
Spontaneous abortion (12.8)\
IUFD (8.1)Not mentionedPreterm delivery (1.2)\
Abortion (6.2)\
IUFD (2.1)Preterm delivery (31.3)\
Abortion (37.5)\
IUFD (9.8)Epidemiological history (%)Not mentionedA (92.3)\
B (58.8)\
C (63.2)\
D (50.0)\
E (80.0)\
F (60.0)C (76.9)\
E (46.1)A (63.2)\
B (15.8)A (90.8)A (52.0)\
B (36.0)\
E (68.0)A (18.5)\
C/D (22.2)\
E (44.4)[^1] Table 2Clinical Manifestations of Individual Case Reports of Brucellosis in Pregnant WomenPatient No.ReferenceAge (Years)CountryTrimesterClinical ManifestationsDiagnostic MethodsDuration of Delayed DiagnosisObstetric Outcomes1Sarram M (1974)[@CIT0030]35IranSecondFever, headache, sweating, malaise,SAT\
Blood cultureNot mentionedAbortion2Sarram M (1974)[@CIT0030]25IranSecondJoint painsSATNot mentionedAbortion3Sarram M (1974)[@CIT0030]17IranSecondMuscle and bone painsSAT\
Blood cultureNot mentionedAbortion4Sarram M (1974)[@CIT0030]25IranSecondJoint painsSAT\
Blood cultureNot mentionedAbortion5Sarram M (1974)[@CIT0030]21IranSecondFever, sweating, joint painsSAT\
Blood cultureNot mentionedAbortion6Sarram M (1974)[@CIT0030]25IranSecondSweating, muscle, joint painsSATNot mentionedAbortion7Schreyer (1980)[@CIT0025]35IsraelSecondFever, chills, malaise, nausea, lower abdominal painsBlood cultureNot mentionedIUFD8Naveau (1983)[@CIT0031]34USASecondAnorexia, fatigue, weight lossCFTNot mentionedTerm delivery9Gloeb (1994)[@CIT0032]24USAThirdFever, shaking chills, night sweating, weakness, anorexia, nausea, vomiting, vague pain, upper abdominal pain, a non-productive cough, hand tremors, auditory hallucinationsSAT8 daysPreterm delivery10Dan (2001)[@CIT0033]34ChinaThirdFever, sweating, general joint pain to knee joint clear, paroxysmal irregular abdominal painSAT8 daysPreterm delivery11Dan (2001)[@CIT0033]27ChinaSecondFever, sweating, fatigue, general joints and muscles pain, insomniaELISANot mentionedIUFD12Jensenius (2008)[@CIT0034]33NorwayThirdFever, both breasts painBlood culture\
ELISANot mentionedNot mentioned13Cebesoy (2009)[@CIT0035]21TurkeyFirstFever, back painSAT\
Blood cultureNot mentionedTerm delivery (caesarean)14Karcaaltincaba (2010)[@CIT0036]25TurkeySecondFever, sweats, backache, malaiseBone marrow cultureNot mentionedTerm delivery15Karcaaltincaba (2010)[@CIT0036]33TurkeySecondFever, sweating, vaginal bleeding, rupture of the membranesSAT\
Blood cultureNot mentionedAbortion16Peker (2011)[@CIT0037]19TurkeySecondFever, malaise, hematuria, nausea, membrane ruptureBlood cultureNot mentionedAbortion17Ceylan (2012)[@CIT0038]18TurkeyThirdMalaise, anorexia, intermittent vomiting, vaginal bleedingSAT2 monthsPreterm delivery18Bi (2013)[@CIT0039]28ChinaThirdLeft lower limb pain, fever, sweating, paroxysmal abdominal painRBPT11 daysPreterm delivery (caesarean section)19Aydın (2013)[@CIT0040]27TurkeySecondSweating, arthralgia, oligohydramnios, premature rupture of membranesSATNot mentionedPreterm delivery20Li (2015)[@CIT0041]34ChinaFirstFever, cough, vaginal bleedingBlood cultureNot mentionedAbortion21Fathassi (2016)[@CIT0042]30TunisiaSecondFever, myalgia, arthralgia, asthenia, nausea, vomitingSATNot mentionedTerm delivery22Fathassi (2016)[@CIT0042]39TunisiaThirdFever, pelvic pain (uterine contractions), membrane ruptureSATNot mentionedPreterm delivery23Agah (2016)[@CIT0043]29IranFirstFever, chills, painless vaginal bleeding with symptoms of partial abortionSAT\
2ME10 daysAbortion24Agah (2016)[@CIT0043]31IranFirstFever, chills, night sweating, low back pain, vaginal bleedingSAT\
2ME7 daysAbortion25Agah (2016)[@CIT0043]36IranSecondShaking chills, day time sweating, vaginal bleedingSAT\
2MENot mentionedIUFD26Agah (2016)[@CIT0043]36IranThirdLong-term backache, malaise, sweatingSAT\
2MENot mentionedTerm delivery27Agah (2016)[@CIT0043]32IranThirdRight shoulder pain, sweatingSAT\
2ME10 weeksTerm delivery28Zhou (2017)[@CIT0044]26ChinaThirdFever, chills, sweating, astheniaBABNot mentionedPreterm delivery (caesarean section)29Zhou (2017)[@CIT0044]25ChinaThirdFever, sweating, asthenia, vaginal bleeding with abdominal painBABNot mentionedPreterm delivery (caesarean section)30Yang (2018)[@CIT0045]22ChinaNot mentionedFever, vaginal bleeding, abdominal distensionSAT\
Blood cultureNot mentionedAbortion31Sabzevari (2018)[@CIT0046]32IranNot mentionedFever, severe arthralgia, chilling, sweatingCoomb's test\
SAT\
BAB\
2MENot mentionedTerm delivery (caesarean)32Zhao (2019)[@CIT0047]26ChinaThirdHepatosplenomegaly, weakness in lower extremities and hip joint pain, fever, shortness of breathBlood culture PCRNot mentionedPreterm delivery33Tian (2019)[@CIT0048]26ChinaSecondIntermittent fever, right thigh and hip painSAT5 monthsPreterm delivery[^2]

Most pregnant women with brucellosis had a history of consumption of cheese or non-pasteurized dairy products (92.3% in the study by Kurdoglu et al and 90.8% in the study by Vilchez et al) or living in a low socioeconomic class or rural areas. There were no neonates infected with brucellosis in the included case series study in Turkey, while the rate of congenital brucellosis was 6.4% in the included case series study in Peru. Regarding the severity of brucellosis, a 31-week pregnant woman who presented with a 3-week history of the disease died on the disseminated intravascular coagulation (DIC) in the study by Vilchez et al.[@CIT0012]

Clinical Manifestations and Obstetric Outcomes {#S0003-S2002}
----------------------------------------------

[Table 2](#T0002){ref-type="table"} shows the detailed clinical manifestations, diagnostic methods and obstetric outcomes of pregnant women with brucellosis, which were extracted from the included case reports. The duration of delayed diagnosis could only be speculated for eight cases, ranging from 7 days to 5 months.

And we recorded the clinical manifestations as the frequency of occurrence and percentage (%) in the descending order in [Table 3](#T0003){ref-type="table"}, the pooled proportions were calculated. A total of 36 clinical manifestations were extracted from the included articles, and the most common clinical manifestations were fever (400, 76.8%), joint pain/swelling/arthralgia (389, 74.7%), sweats (382, 73.3%), fatigue/asthenia/weakness (262, 50.3%) and back pain (189, 36.3%). Among the seven case series, the study by Vilchez et al reported the largest varieties of clinical manifestations (20/36, 55.6%), and the top three were fever (97.0%), malaise (85.1%) and sweats (77.2%). Among the 33 individual cases, a total of 29 (85.3% of 36) kinds of clinical manifestations were reported, the most common clinical manifestations were fever (66.6%), sweats (51.5%), joint pain/swelling/arthralgia (39.4%) and vaginal bleeding (24.2%). There were five (13.7% of 36) kinds of clinical manifestations that were only reported in the case reports, such as membrane rupture, oligohydramnios and breast pain, while there were no records about such as constipation, rash and depression in the included case reports. It is worth mentioning that one patient from the included case reports complained of both auditory hallucinations, dull/delirious, hand tremors and insomnia.Table 3Clinical Manifestations of Brucellosis in Pregnant WomenClinical ManifestationsTotal Cases (%) (n=521)From Seven Case Series Studies ( %)From Included 20 Publications of Case Reports ( %)[@CIT0025],[@CIT0030]-[@CIT0048]Madkour MM (2001)[@CIT0049] (n=29)Kurdoglu M (2010)[@CIT0023] (n=33)Gulsun S (2011)[@CIT0016] (n=39)Roushan MR (2011)[@CIT0020] (n=19)Vilchez G (2015)[@CIT0012] (n=101)Ali S (2016)[@CIT0050] (n=25)Inan A (2019)[@CIT0051] (n=242)Cases from Case Reports (n=33)Fever400 (76.8)29 (100.0)--30 (76.9)7 (36.8)98 (97.0)12 (48.0)202 (83.5)22 (66.6)Joint pain/swelling/arthralgia389 (74.7)11 (37.9)30 (90.9)36 (92.3)11 (57.9)57 (56.4)16 (64.0)215 (88.8)13 (39.4)Sweats382 (73.3)11 (37.9)27 (81.8)--11 (57.9)78 (77.2)21 (84.0)217 (89.7)17 (51.5)Fatigue/asthenia/weakness262 (50.3)--25 (75.8)--1 (5.3)----231 (95.5)5 (15.5)Headache227 (43.6)3 (10.3)------77 (76.2)1 (4.0)145 (62.5)1 (3.0)Back pain189 (36.3)9 (31.0)--------176 (72.7)4 (12.2)Nausea111 (21.3)--------39 (38.6)--68 (28.1)4 (12.2)Hepatomegaly100 (19.2)3 (10.3)--11 (28.2)------85 (35.1)1 (3.0)Splenomegaly97 (18.6)3 (10.3)10 (25.6)83 (34.3)1 (3.0)Myalgia96 (18.4)--11 (33.3)28 (71.7)3 (15.8)51 (50.5)----3 (9.1)Weight loss95 (18.2)1 (3.4)14 (42.4)------79 (32.6)1 (3.0)Malaise92 (17.7)--------86 (85.1)----6 (18.2)Chills69 (13.2)13 (44.8)------49 (48.5)----7 (21.2)Hypoxia64 (12.3)--------63 (62.4)----1(3.0)Vaginal bleeding47 (9.0)1 (3.4)----16 (15.8)--22 (9.1)8 (24.2)Abdominal pain/distension/pelvic pain39 (7.5)2 (6.9)------22 (21.8)--8 (23.5)7 (21.2)Constipation31 (5.6)--------31 (30.7)------Anorexia27 (5.2)1 (3.4)23 (69.7)----------3 (9.1)Vomiting25 (4.8)------22 (21.8)----3 (9.1)Cough21 (4.0)1 (3.4)----18 (17.8)----2 (6.1)Epistaxis/Petechiae/brownish19 (3.6)------11 (10. 9)--8 (3.3)--Diarrhea9 (1.7)------9 (8.9)------Dysuria/urinary frequency/hematuria8 (1.5)1 (3.4)----6 (5.9)----1 (3.0)Malodorous8 (1.5)--8 (3.3)--Depression7 (1.3)------7 (6.9)------Membrane rupture5 (1.0)------------5 (15.2)General pain5 (1.0)1 (3.4)--2 (10.5)------2 (6.1)Odynophagia4 (0.8)------4 (4.0)------Dyspnea3 (0.6)------2 (2.0)----1(3.0)Rash2 (0.4)1 (3.4)--1 (5.3)--------Oligohydramnios1 (0.2)------------1(3.0)Breast pain1 (0.2)------------1(3.0)Auditory hallucinations1 (0.2)------------1(3.0)Dull/delirious1 (0.2)------------1(3.0)Hand tremors1 (0.2)--------1(3.0)Insomnia1 (0.2)--------1(3.0)

As for the clinical manifestations of the involved body systems among pregnant women with brucellosis, osteoarticular system was mostly involved, 74.7% of the pregnant women with brucellosis presented joint pain/swelling/arthralgia. A proportion of 12.3% of the patients presented the symptoms of cardiovascular system as hypoxia. For the clinical manifestations of reproductive system, vaginal bleeding (9.0%) was the most common clinical manifestation, followed by abdominal pain/distension/pelvic pain (7.5%).

Among the 32 included individual cases that with available obstetric outcome information, 10 (31.3%) women suffered preterm delivery, 12 (37.5%) had an abortion and 3 (9.8%) had intrauterine fetal death. And among the 12 patients who had an abortion, 5 (41.7%) of them experienced vaginal bleeding.

Discussion {#S0004}
==========

Brucellosis is an epidemic zoonosis in developing countries that can affect any organs and body systems and mimic other diseases. Although several studies are available regarding the clinical features of human brucellosis,[@CIT0018] the clinical manifestations of brucellosis among pregnant population and the geographical distribution are limited. This is the first systematic scoping review characterizing the clinical manifestations of pregnant women with human brucellosis.

Of the 27 included studies, all the reported pregnant women with brucellosis yield in this systemic review were originally from Mediterranean countries, Asia, America and the Nordic, this is consistent with another review.[@CIT0019] In view of the fact that most of the included publications were published after 2000, it can be speculated that brucellosis remains epidemic and the pregnant women are at high risk of being encountered with brucellosis in these areas. Furthermore, the incidence of pregnant women with brucellosis was 1.5% in the study by Roushan et al,[@CIT0020] while another study showed that the incidence of pregnant women with brucellosis was 20.6% in Iran,[@CIT0014] and much higher than the extracted highest incidence (5.8%) of brucellosis occurred in pregnant women in this review. This may be explained by that incidence of human brucellosis was high during these years and there were significant differences in the geographic distribution of brucellosis in Iran.[@CIT0014],[@CIT0021] Serum agglutination test (SAT) was the most common laboratory test in the diagnosis of brucellosis in the included studies, indicating its better sensitivity or wider application compared with the culture or PCR.[@CIT0022]

Regarding the clinical manifestations, the pregnant women with brucellosis presented as non-specific flu-like symptoms, and this may cause a huge possibility of misdiagnosis or delayed diagnosis. A total of 36 clinical manifestations were extracted from the included articles, which could provide the clinicians and the public with a clearer spectrum of the clinical manifestation of this disease. The most common clinical manifestations of pregnant women with brucellosis were fever, joint pain/swelling/arthralgia, and sweats, this is mostly consistent with some systematic reviews recording the clinical manifestations of general human with brucellosis.[@CIT0016],[@CIT0018] What is worth mentioning is that the percentage (36.3%) of patients who had back pain among the pregnant women with brucellosis was much higher than that (28.0%) in the general brucellosis patients,[@CIT0013] and as pregnancy could be accompanied with the symptoms such as sweating and back pain, the clinical manifestations of brucellosis might be misrelated to the common symptoms during pregnancy and resulted in the delay of brucellosis diagnosis. The longest speculated duration of delayed diagnosis was 5 months in the present review, and considering the fact that only a few case reports mentioned the detailed duration of delayed diagnosis, it is hard to figure out the effect of misdiagnosis or delayed diagnosis on the severity of the disease, and further exploration is needed.

The most frequently involved body system was the osteoarticular system, as joint pain was most reported, the frequency was much higher than that in some other studies about the general brucellosis patients in these areas.[@CIT0016] Compared with another review about clinical manifestations of brucellosis in the general population,[@CIT0016] the proportions of signs occurred in the gastrointestinal tract, respiratory, genitourinary, neurologic and cutaneous system in this review were much lower. With the help of the summarized wide spectrum of clinical manifestations of human brucellosis during pregnancy in the present review, brucellosis should be considered as a differential diagnosis for sweats and fevers of unknown origin.

In addition, it is still controversial about whether brucellosis can cause more serious obstetric outcomes in the pregnant women than in the general people. It was found that brucellosis might be associated with a high rate of abortion or preterm delivery in some articles.[@CIT0023],[@CIT0024] Of the seven included case series, the study by Roushan et al contributed the smallest number of patients while reported the highest rate of spontaneous abortion (52.6%).[@CIT0020] The included case series study by Kurdoglu et al indicated that 57.1% of the patients who presented vaginal bleeding had an abortion, which was similar as the result from the included individual case reports in the present systematic scoping review; also, it was found that vaginal bleeding was correlated highly with the pregnancy outcome with statistical significance.[@CIT0023] And Elshamy et al reported that pregnant women with brucellosis were more likely to have a spontaneous abortion than those pregnant women without brucellosis[@CIT0010]; however, others did not find any correlation between antibody titer and pregnancy outcomes.[@CIT0023] As for the treatment, it was reported that among the 13 pregnant brucellosis cases treated with cotrimoxazole plus rifampin, 30.8% had spontaneous abortion.[@CIT0025] However, another study reported that antepartum antimicrobial therapy with cotrimoxazole or cotrimoxazole/rifampin was protective against spontaneous abortion, 10.0% of the 40 treated patients had spontaneous abortion or fetal death.[@CIT0009]

Most of the included pregnant brucellosis patients were young or middle-aged, and it was obvious that the consumption of cheese or unpasteurized dairy products and stockbreeding might be the two significant risk factors of being infected with brucellosis for pregnant women, and most patients came from rural or low socioeconomic areas confessed that there had been one or more person already diagnosed as brucellosis in their family or neighbors.[@CIT0026] This might be attributed to the fact that family members had similar living and eating habits. It could also be speculated that the distribution of human brucellosis could be affected by the condition of poverty, educational level and occupation distribution of the population, which could be supported by the conclusion that the awareness and knowledge of brucellosis was insufficient in Asia and Africa.[@CIT0002]

A better understanding of the potential drivers, socio-economic predictors of human brucellosis and the disease characteristics of some specific populations is crucial to the adjustment of brucellosis control strategies and the allocation of health resources.[@CIT0027],[@CIT0028] From the above, a practical and cost-effective screening test might be helpful to identify brucellosis among family members of patients with brucellosis. And in order to prevent brucellosis for pregnant women, it was recommended that RBPT could be used as a screening test, also, the universal health education and successful animal brucellosis control or eradication programs would be the effective ways to prevent human brucellosis in endemic areas.[@CIT0029]

The present systematic scoping review and analysis of case reports and case series had certain limitations. First, only a few case series focused on the clinical manifestations about pregnant women with brucellosis, especially focused on the differences of clinical manifestations between the pregnant women and other population. More detailed explorations into the differences between pregnant women with brucellosis and the general brucellosis patients could be conducted. Second, the spectrum of clinical manifestations of brucellosis in pregnant women remains incomplete, many complications in various body systems were not mentioned in the included articles. Thus, we suggest that the researchers can divide the clinical manifestations of brucellosis into general symptoms/signs and localized body system complications when they conduct the descriptive study of brucellosis case report or case series in the future; this might contribute to the clearer clinical manifestation spectrum of brucellosis.

Conclusion {#S0005}
==========

This systematic scoping review summarized the wide spectrum of clinical manifestations of human brucellosis in pregnancy. These various clinical manifestations would allow a better and more complete understanding of this disease for health-care providers, provide evidence for timely diagnosis, adequate therapy and better prevention, and might reduce doctors' misdiagnoses.
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[^1]: **Notes**: A, consumption of unpasteurized or infected dairy products or meat; B, stockbreeding or contact with animals; C, previous diagnosis in family members; D, previous diagnosis in neighbors; E, low socioeconomic class or rural areas; F, not literate. ^†^Detailed in [Table 2](#T0002){ref-type="table"}.

    **Abbreviations**: 2ME, 2-mercaptoethanol; BAB, blocking antibody titer; Coomb's test, anti-human immunoglobulin test; IUFD, intrauterine fetal death; RBPT, rose bengal plate agglutination test; SAT, serum agglutination test.

[^2]: **Abbreviations**: 2ME, 2-mercaptoethanol; BAB, blocking antibody titer; CFT, complement fixation test; Coomb's test, anti-human immunoglobulin test; ELISA, enzyme-linked immunosorbent assay; IUFD, intrauterine fetal death; PCR, polymerase chain reaction; RBPT, rose bengal plate agglutination test; SAT, serum agglutination test.
